The purpose of this study is to evaluate the efficacy and safety of unidirectional barbed suture (V-Loc) compared to a standard monofilament stitch (Vicryl) in suturing of a free flap to local tissue after head and neck surgery for squamous cell carcinoma of the oral cavity. Complication rates, operative closure time, length of hospitalisation and costs were evaluated. The study cohort (group A) of 20 consecutive patients reconstructed using barbed stitches for suturing was prospectively compared to a control cohort (group B) of 20 consecutive patients reconstructed using conventional vicryl stitches. All patients were affected by squamous cell carcinoma of the tongue and underwent different types of glossectomy and reconstruction with free flaps. This analysis demonstrates the efficacy of the barbed suture compared with a standard monofilament stitch in terms of lower complication rate (15% group A, 30% group B), intra-operative closure times (486 minutes group A, 517 minutes group B), and length of hospitalisation (average length of hospitalisation 14.60 days group A, 16.85 days group B). These factors coupled with the use of a lower number of stitches compared with the standard stitches may compensate the increased cost of the barbed suture. In conclusion, this study demonstrates that the use of unidirectional barbed stitches for suturing of a free flap to the recipient site reduces the complication rate, principally in terms of dehiscence and fistula incidence, and reduces intra-operative time and length of hospitalisation. Based on these results and on the literature, the use of unidirectional barbed stitches can be considered as a safe and efficient alternative to conventional stitches for suturing of free flaps to local tissue.
Introduction
Since the introduction of reconstruction in head and neck oncology in the 1970s as a mainstay of surgical practice, the use of free flaps has progressively evolved, reaching success rates ranging between 90% and 98%. To date, mi-crovascular flaps represent the gold standard for reconstruction of complex three-dimensional composite defects in the head and neck district. The main advantages of microvascular reconstructive techniques, compared to less sophisticated ones, are the possibility to choose the best defect-adapted tissue, tailor the flap in a three-dimensional fashion to minimise postoperative functional defects and, most importantly, to bring well vascularised tissue into the surgical field to accelerate the healing process. Although in recent decades, surgeons' experience, quality of anaesthesiology techniques and postoperative care have consistently improved, free flap reconstruction of head and neck cancer (HNC) defects remains a complex procedure involving many aspects that can increase the perioperative complication rate (general and local) and potentially affect the final outcome, especially in elderly patients with important comorbidities 1 . Regarding local complications, the incidence of flap dehiscence and fistula reported in the literature is high. The sutures commonly used to fix the free flap to local tissue in the recipient site include conventional absorbable monofilament, such as vicryl. In recent years, our centre has adopted the barbed suture, a relatively new device with cutting barb that gives tensile strength without the need for tying. There is increasing evidence that knotless, barbed, self-anchoring suture devices are as safe and well tolerated as conventional stitches in tissue suturing and that their use seems to be associated with reduced surgical closure times, local complications and costs 2 . In our study, we evaluated the efficacy and safety of the unidirectional barbed suture (V-Loc) compared to a standard monofilament stitch (Vicryl) in suturing of free flaps to local tissue after head and neck surgery for squamous cell carcinoma of the oral cavity. Complication rates, operative closure times, length of hospitalisation and costs were evaluated. To our knowledge, this study represents the first analysis of outcomes of barbed sutures applied in reconstructive head and neck surgery.
Materials and methods
A prospective study was carried out on the use of the barbed suture in the reconstruction of patients affected by squamous cell carcinoma of the tongue who were submitted to different types of glossectomy (subtotal, hemi-glossectomy, marginal glossectomy) and reconstructed with free flaps (radial forearm free flap (RFFF) or anterolateral tight free flap (ALT)). The study cohort (group A) included 20 consecutive patients treated between 2016 and 2017 in the ENT Department of San Luigi Gonzaga Hospital, Orbassano (Turin) and in the ENT Department of FPO-IRCCS Candiolo Cancer Institute. All patients were reconstructed using barbed stitches for suturing (V-Loc, Covidien, Mansfield, VA, USA). The control cohort (group B) included 20 consecutive patients treated by the same surgeons between 2014 and 2016 in the ENT Department of Turin, the Martini Hospital and San Luigi Gonzaga Hospital, and reconstructed using conventional Vicryl stitches (vicryl 3.0, Ethicon, Cincinnati, OH, USA). The characteristics of patients in group A are reported in Table I , and those in group B are reported in Table II . Nine of 40 patients were affected by diabetes mellitus (DM) (6 in group A and 3 in group B). Seven patients were pretreated with radiotherapy (RT) (4 in group A and 3 in group B). All patients gave oral and written informed consent preoperatively, following the principles of the Helsinki Declaration, developed in 2013 by the World Medical Association (WMA) as a statement of ethical principles for medical research involving human subjects 3 . Clinical assessment was performed during the 3 weeks before surgery. This involved clinical examination, biopsy with histological exam, evaluation of nutritional status, Maxillo-Facial and Neck CT /MRI and total body PET scan in the case of advanced stage disease. Nutritional status of the patients was evaluated with the subjective global assessment (SGA) 4 . The SGA consists of a brief nutritional history (weight loss during the last 2 weeks and 6 months, dietary change, and a short physical examination of subcutaneous fat, muscle mass and fluid balance). It categorises patients as being well nourished (SGA A), moderately (or suspected of being) malnourished (SGA B), or severely malnourished (SGA C).
Surgery
All patients underwent different types of glossectomy by a submandibular approach, en bloc with ipsilateral/bilateral neck dissection, followed by reconstruction with RFFF or ALT. The types of glossectomy were classified into three categories 5 : partial glossectomy (less than one third of tongue), hemi-glossectomy (from one third to half of tongue) and sub-total glossectomy (from half to three quarters of tongue). A variety of surgical approaches are available for resection of a primary tumour in the oral cavity. At the present time, the submandibular approach, combined with the use of the harmonic pincer for resection of the tongue, is currently accepted as an oncologically-viable alternative to the conservative trans-mandibular approach, reducing the rate of complications (dehiscence, fistula, plate exposure, osteitis, lack of osteosynthesis, osteonecrosis) 6 . The surgeon performs a tracheostomy to bypass the transoral intubation and to isolate the oral cavity. Ipsilateral or bilateral selective/radical neck dissection is performed, depending on the site of the tumour (lateral, median or paramedian) and nodal status. The continuity between T C  cT2N0  None  RFFF  540  13  15  2  M  42  None  A  cT2N2c  None  RFFF  540  13  17  3  F  73  None  B  cT2N0  None  RFFF  510  14  14  4  M  76  None  C  cT2N0  None  RFFF  600  16  14  5  M  58  None  B  cT3N0  None  ALT  510  19  18  6  F  66  None  B  rT3N1  RT  ALT  450  20  21  7  M  58  DM  B  cT2N2c  None  ALT  510  22  17  8  F  62  None  B  cT2N0  None  ALT  420  17  15  9  F  51  None  B  cT4aN0  None  RFFF  420  17  14  10 M  56  None  B  cT3N2b  None  RFFF  540  21  15  11 M  48  None  A  cT2N0  None  RFFF  500  13  15  12 F  47  None  A  rT2N0  RT  RFFF  480  12  13  13 M  60  DM  B  cT4aN2c  None  ALT  555  21  17  14 M  65  None  C  cT2N2b  None  RFFF  490  16  15  15 M  61  None  B  rT4aN2b  RT  ALT  705  18  18  16 F  43  None  A  cT1N2b  None  RFFF  600  15  14  17 M  49  None  A  cT2N0  None  RFFF  465  21  15  18 F  65  DM  C  cT4aN0  None  ALT  465  21  21  19 M  52  None  B  cT3N1  None  ALT  555  17  15  20 M  21  None  A  cT2N1  None  RFFF  480  11  16 DM: diabetes mellitus; SGA: subjective global assessment; RT: radiotherapy; RFFF: radial forearm free flap; ALT: anterolateral tight flap. and N is preserved sectioning the mylohyoid muscle. With a transoral approach, resection should include at least a 1.5-to 2 cm margin from the macroscopic border of the cancer. Cold instruments may be inadequate for haemostasis owing to the vascularity of the tongue. Therefore, an ultracision device (Harmonic Focus + Shears, Ethicon) is preferred. Frozen sections are obtained from the mucosal margins and from the depth of the surgical defect to ensure that an adequate excision of the primary tumour has been accomplished. The intraoral defect is then reconstructed with a radial forearm free flap (RFFF) or anterolateral free flap (ALT), depending on the extent of the intraoral defect, patient characteristics and donor site.
Only two surgeons (GS, EC) performed all of the procedures.
Suture technique
In group A, the suture between local tissue and free flap was performed with a continuous barbed suture. Using the barbed suture, the closure was started by taking the stitch, passing it into the tissue in the opposite direction from the splay of the barb, allowing the suture to pass easily and running the V-Loc device through the welded loop. When a force is applied in the opposite direction, the barb of the suture grasps the surrounding tissue and ensures that the tissue is retained in place ( Fig. 1) . Images of the V-Loc suture between lingual tissue and free flap (ALT) after partial glossectomy and the healing process are shown in
In group B, the suture was performed with a single interrupted knot, using a conventional vicryl stitch (vicryl 3.0, Ethicon, Cincinnati, OH, USA).
Statistical analysis
The following parameters were evaluated: complication rates, intraoperative time, length of hospitalisation, number of stitches used and cost of the procedure. Postoperative complications were divided into major complications requiring surgical re-intervention (partial/total necrosis, haematoma, haemorrhage) and minor complications (fistula, suture dehiscence) requiring only medical dressing. Intraoperative time, length of hospitalisation and cost of the procedures were evaluated with a t-test. The incidence of complications between the two groups was evaluated with a chi-squared test. Statistical analysis was performed using PRIMIT Software, version 3.03 (McGraw-Hill. Inc.) with p < 0.05 considered as statistically significant. 
Results

Intraoperative time
The average intraoperative time was 486 minutes for group A and 516.75 minutes for group B. There was no significant difference between groups (t-test, p = 0.113; Table III ).
Length of hospitalisation
The average length of hospitalisation was 14.60 days in group A and 16.85 days in group B. There was a significant difference between groups (t-test, p = 0.03; Table III) .
Cost of the procedure
The cost of a V-Loc stitch was about € 26.60, while for a vicryl stitch, the cost was € 2.50. The median number of stitches used in the barbed suture was 3.35, while in the conventional suture was 15.95. The median cost of the procedure in group A was € 89.11, in group B it was € 39.88 (Table III) .
Complication rate
The incidences of fistula and flap dehiscence were analysed, not considered flap necrosis since this complication could not be related to the type of suture. Subsequently, fistula and dehiscence rates were correlated with three factors: diabetes mellitus, preoperative treatment and nutritional status. In group A, three patients developed a complication (15%): two minor complications (10%) (suture dehiscence with orocutaneous fistula), and one major complication (total necrosis of the flap) (5%). One of the patients with postoperative fistula was treated with RT before surgery. No patient suffered from diabetes mellitus. The two patients who developed postoperative fistula were moderately (or suspected of being) malnourished (SGA B). In group B, six patients developed only minor complications (30%) (suture dehiscence with orocutaneous fistula): one of these patients was affected by diabetes mel-litus, and none were pretreated before surgery. Three of these patients were well nourished (SGA A), and three were moderately (or suspected of being) malnourished (SGA B). The overall percentage of procedures without minor complications was 80%: 90% in group A and 70% in group B. Using the chi-squared test, there was no significant difference between the two groups (p-value = 0.114) (Table III) .
The results are summarised in Table IV .
Discussion
The goal of head and neck reconstruction is the recovery of important functions (swallowing, speech, chewing) and appearance. Microvascular free tissue transfer techniques have become accepted for head and neck reconstructions because of their increased success rates (95-99%) and good functional and aesthetic outcomes 7 . Despite progress, the incidence of complications in the literature has continued to be reported as high. Analysing the outcomes after reconstructive surgery in HNC, Pohenz et al. and Bianchi et al. have evaluated the incidence of minor complications of the receiving site and found: flap partial necrosis (29.3%), dehiscence (27.2%), haematoma (23.2%), seroma (13.4%) and fistula (6.9%) 8 9 .
In the literature, the reported incidence of fistula is about 20%. In our study, flap dehiscence and fistula were the most common minor complications (17.5% overall, 10% in group A and 30% in group B). The main risk factors associated with fistula are ascribable to patient-related factors, such as poor nutritional status, systemic conditions that compromise wound healing (diabetes mellitus), previous treatments (radiotherapy and/or chemotherapy) and to surgical site-related factors, such as the clean/contaminated environment of the oral cavity (saliva and bacterial flora), infections, size of the defects after extensive resection and ischaemic complications of the flap 10 . Flap dehiscence with orocutaneous fistula after microvascular tongue reconstruction is a complication that decreases the patient's quality of life, with prolonged hospitalisation and delayed start of adjuvant treatment. Treatment of fistula consists of drainage, no oral intake, dressings and antibiotic therapy 11 . Prevention of fistula must focus on meticulous preoperative multidisciplinary evaluation of the patient. In addition, in our opinion, efforts should be made to improve the suturing technique of the flap to the local tissue, with the goal of providing a watertight closure and therefore better endurance of the suture, and to suture areas that are not easily accessible, such as the base of the tongue, the retromolar area or spaces close to teeth. In recent years, our centre has used barbed sutures to fix free flaps to local tissue. This is a relatively new device, introduced by John Alcamo in 1964. In recent years, this innovative suture has gained popularity as an alternative to conventional materials, since its approval by the US Food and Drug Administration for soft tissue application in 2005 12 13 . The advent of barbed sutures has given surgeons a new tool for soft tissue suturing. These stitches have begun to revolutionise the field of orthopaedics, plastic surgery, gynaecology, urology and other specialties; however, it has not yet found widespread application in head and neck surgery, apart from pharyngoplasty for obstructive sleep apnoea 14 15 . This particular stitch consists of a permanent suture that has directional projections (or barbs) along its entire length, which imparts tensile strength without the need for tying. The stitch is passed into the tissue in the oppo-site direction to the splay of the barb, allowing the suture to pass easily. When a force is applied in the opposite direction, the barb of the suture grasps the surrounding tissue and secures the tissue in place 16 . A continuous knotless suture can immediately provide excellent waterproof tightness, reducing saliva infiltration between tissues of different thickness and type. Theoretically, in addition to the closing power of an appropriate flap's volume, the good 3D adaptability and greater vascularisation of the flap, this advantage should represent a substantial improvement over conventional sutures. Currently, three types of barbed suture are commercially available: the Quill Self-Retaining System (SRS) bidirectional barbed suture (Angiotech, Vancouver, BC, Canada), V-Loc unidirectional barbed suture (Covidien) and Stratafix unidirectional and bidirectional barbed suture (Ethicon) 17 . In our study, we compared the V-Loc barbed suture (group A, study group) with the vicryl 3.0 conventional suture (group B, control group) to suture a free flap to the lingual mucosa. V-Loc is a unidirectional suture with evenly spaced, circumferentially distributed barbs, with a needle on one end and a welded loop on the other. Comparisons between the two groups demonstrated the efficiency of the barbed suture: minor complication rates (suture dehiscence with orocutaneous fistula) were 10% in group A and 30% in group B. It is undeniable that the barbed suture shows a trend towards a fewer minor complications, even though our results did not show a significant difference between the two cohorts. This is probably due to the small number of patients in our study. The advantages of the barbed suture may be due to different factors. This suture could decrease the potential chance of knot-related complications. In conventional stitches, the spaces between filaments of braided sutures act as a nidus for bacteria, exacerbating the risk of infection, ischaemia and necrosis. On the other hand, barbed stitches decrease the potential for knot slippage or dehiscence secondary to knot breakage, suture extrusion or splitting, necrosis caused by tissue strangulation and micro-infarction. Furthermore, the barbed suture provides a continuous suture with multiple anchoring points at each needle entry point, allowing resistance even after an eventual discontinuity, a more uniform distribution of force along the entire length of the stitch, better tissue apposition and better wound healing due to reduction of ischaemia. The tension is more uniformly distributed along the wound and approximation of the tissues is better than with conventional stitches [17] [18] [19] .
In addition, the more straightforward and intuitive use of barbed stitches compared with conventional ones allows the surgeon to easily suture even those areas that are difficult to reach, such as the base of the tongue, the retromolar area, or a flap near teeth. Based on these considerations, intraoperative closure times could also be reduced after a normal learning curve, with consequent reduction of intraoperative length, as Paul and colleagues have underlined 20 . Our results confirmed this, with an average intraoperative period of 486 minutes for group A and 516.75 minutes for group B, even though the difference between the two groups was not significantly different (pvalue = 0.113). With a lower incidence of complications and a faster recovery of oral intake, the length of hospitalisation was significantly reduced (p-value = 0.03). It is reasonable to think that the learning curve for the barbed suture for skilled surgeons and for those in training is easier and shorter than the conventional one. Vicini et al. studying the learning curve and operative time of the surgical team during pharyngoplasty for OSAHS observed a decrease of these parameters over the course of the study with an initial steep ascent in technical skill acquisition followed by more gradual improvement, and a steady decrease in operative time. The minimally required manipulations and the knotless technique represent for the non-experienced surgeon a technique that is easy to learn, quick and safe to perform, including inside a simultaneous multilevel procedure if required 21 22 . The main limitation of the barbed suture is its cost; the cost of a vicryl stitch is about € 2.50, while it is € 26.60 for a V-Loc stitch (median cost of the procedure in group A was € 89.11, whereas it was € 39.88 in group B); however, the reduction in intraoperative time, reduction in length of hospitalisation and use of fewer stitches compared with standard ones may offset this increased cost. This idea is supported by a report by Massoud et al. 23 , who performed a cost-effectiveness analysis of robotic-assisted radical prostatectomy using the unidirectional suture compared with the traditional suture and found the former to be more economical 22 .
Obviously, the drawbacks of the barbed device are related to the possibility of extrusion of the suture with its slowly absorbable profile. Furthermore, once the barbs have engaged the tissue, it is almost impossible to remove the stitch, and there is still no recognised procedure for correcting a misplaced suture other than cutting it and starting over again 12 . The barbed suture is stiffer than the conventional one, and this could represent an inconvenience for the patient; for this reason, in our experience, to prevent the patient from feeling discomfort in the oral cavity, it is preferable not to leave the extremity of the thread unrestrained but rather to go back with the suture. Despite the relevance of our findings, the present study has some limitations. It represents two-surgeons and single-institution non-randomised series, so our results cannot be generalised. Moreover, due to the small sample size, statistical analysis is inconclusive and the data will have to be verified in larger, multi-institutional series.
Conclusions
To our knowledge, this study is the first analysis on the use of the barbed suture compared to conventional ones in the suturing of a free flap to local tissue in head and neck reconstructive surgery, in terms of intraoperative times, costs and complication rates.
The study has demonstrated that the use of unidirectional barbed stitches during the suturing of a free flap to the recipient site reduces the complication rate, principally in terms of dehiscence and fistula incidence. Moreover, the barbed suture is technically easy and safe and may reduce the intraoperative time and consequently the length of hospitalisation. Based on these results and on the findings in the literature, the use of unidirectional barbed stitches can be considered as a safe and efficient alternative to conventional stitches for suturing of free flap to local tissue.
